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We discuss seven radiocarbon dates from remains of the straight-tusked elephant, Elephas antiquus Falconer and Cautley, 1847, from
The Netherlands. These dates show that there is a strong possibility that this species became extinct much later in North Western Europe
as is commonly accepted. The youngest radiocarbon date we present is 37,440 (+350, 310) BP.
r 2006 Elsevier Ltd and INQUA. All rights reserved.1. Introduction
The extinct elephant, Elephas antiquus Falconer and
Cautley, 1847, is a large elephant characterized by straight
tusks. Therefore, it is known as forest or straight-tusked
elephant. In the literature, there are different opinions about
the nomenclature and phylogenetic hypotheses for this
species. Maglio (1973) assigned this large extinct elephant to
the genus Elephas; others (Aguirre, 1968/69) attribute it to the
genus Palaeoloxodon. Beden (1983) considered Palaeoloxodon
to be a subgenus of the genus Elephas. There are also various
viewpoints concerning the taxonomy on the species level.
Lister (1992, personal communication in Shoshani and Tassy,
1996) proposed that the large European and Asian extinct
elephants consist of two different species: Elephas antiquus
Falconer and Cautley, 1847, and E. namadicus Falconer and
Cautley, 1845, respectively. This division is based on the fact
that the holotype of E. antiquus originates from Europe,
whereas the holotype of E. namadicus originates from India.
Maglio (1973) considered the Asiatic form E. namadicus as a
senior synonym of the European form Elephas antiquus. If
that is true, the large elephant Elephas antiquus/namadicus
should be known in both Europe and Asia. Here we wille front matter r 2006 Elsevier Ltd and INQUA. All rights re
aint.2006.06.002
ing author.
esses: dickmol@worldonline.nl (D. Mol),
nm.nl (J. de Vos), J.van.der.Plicht@rug.nl
ht).restrict ourselves to the European form and use the name
Elephas antiquus.2. E. antiquus in western Europe
Kolfschoten (1990a) describes a Bavelian E. antiquus
molar from the site Dorst-Surae (Noord-Brabant), which is
late Early Pleistocene. However, according to Mol et al.
(1999) this molar should be assigned to Mammuthus
meridionalis, a species, which was already known from this
site. As a consequence, there is no evidence that E. antiquus
was present in The Netherlands in the Early Pleistocene.
The oldest specimen in Europe is found in Silvia, Italy
(Palombo and Ferretti, 2005). The superb specimens from
E. antiquus from Isernia la Pineta, Southern Italy date to
736,000 years ago (Mol and van Essen, 1992). However,
this date is being discussed (e.g. Coltorti et al., 2005). A
similar age, early Middle Pleistocene, can be assigned to an
E. antiquus molar, which is found along with a M.
meridionalis molar in the sandpit of Linden (Hooijer,
1985). In addition, a few molars from the North Sea are
also older than Late Pleistocene and show the same degree
of mineralization as M. trogontherii. However, because
stratigraphical data are lacking, deﬁnite conclusions con-
cerning the age cannot be made.
In Europe, it was accepted for a long time that
E. antiquus has Middle- to Late Pleistocene age, and thatserved.
ARTICLE IN PRESS
D. Mol et al. / Quaternary International 169–170 (2007) 149–153150E. antiquus became extinct at the end of the Eemian. Many
specimens from this period (Middle–Late Pleistocene) are
known. From Germany there exists a skeleton from the
Upper Rhine area, exhibited in the Hessisches Land-
esmuseum at Darmstadt (Kroll, 1990). The University of
Jena excavated perfectly preserved skeletons near Neu-
mark-Nord in central Germany (Fischer, 2004). A skeleton
from the Riano site near Rome is exhibited at the
Geological and Paleontological Museum of the University
of Rome (Maccagno, 1962). From The Netherlands and
the Southern Bight of the North Sea a few ﬁnds of
E. antiquus are known. Those are mainly molars and molar
fragments. Roding (1953) described some damaged speci-
mens of this species from the so-called ‘Holstenian’ of the
Clay of Neede. Van Kolfschoten (1981, 1988, 1990b)
mentioned Middle Pleistocene ﬁnds, also based on
fragmentary material from a site near Rhenen. Also, the
in situ ﬁnds of the sites Maastricht Belvedere 2 and 4,
correspond to the Saalian, and contained remains of
E. antiquus (Van Kolfschoten, 1988). The largest collection
in The Netherlands of this species belongs to the Koninklijk
Zeeuwsch Genootschap der Wetenschappen, and is stored at
the Zeeuws Museum in Middelburg. The collection contains
a very large hemi-mandible with a m3 and a few heavy
skeleton parts, which were ﬁshed from the mouth of the
Western Scheldt. A very robust humerus from the same area
is stored at the Naturalis Museum in Leiden. A skull
fragment of a Late Pleistocene hippo was ﬁshed from the
same location. This is not the only site where hippo and
straight-tusked elephant are found together. Fossils from
both species were also discovered during the development of
the recreational area ‘‘De Rhederlaag’’ near Giesbeek, in the
basin of the river IJssel. Downstream along the same river,
another fossil mammal association was found, again of the
straight-tusked elephant with the hippo (E. antiquus and
Hippopotamus incognitus) at the Hearst site (van Uum, 2003).
From the bottom of the North Sea, Hooijer (1985), described
for the ﬁrst time a molar fragment from the straight-tusked
elephant under the name E. namadicus. Since then more
molar fragments and some complete molars were collected
from the bottom of the North Sea. According to Mol et al.
(1999) they have ages ranging from Middle Pleistocene to
Eemian.
A few molar fragments and a complete molar of
E. antiquus were found at the artiﬁcial beach of the
Maasvlakte on the coast of the province of Zuid-Holland.
According to Van Kolfschoten and Vervoort-Kerkhof
(1999) these ﬁnds have to be assigned to the Weichselian
Maasvlakte II fauna.
The E. antiquus skeleton of Aveley in Essex, Great
Britain (Stuart, 1982), was found just below a skeleton of a
Mammuthus primigenius. The age of the straight-tusked
elephant was considered to be Eemian, and the woolly
mammoth to be Weichselian. A similar situation occurs at
the Dutch site Raalte. Bosscha Erdbrink et al. (2001)
described a part of a m1 from an E. antiquus found by
suction-dredging North of Raalte (province of Overijssel).This fossil, and a fragment of a molar of M. primigenius,
the woolly mammoth, originates from the Kreftenheye
Formation, which consists of Late Pleistocene sediments.
The fossils are in the collection of Mr. J.G. Brewer
(Raalte), numbered HB65 and HB66, respectively. Re-
markable are the results of the 14C dates of these
specimens, measured at Utrecht University. The date of
the E. antiquus is 32,5007500BP (UtC-9307); the date of
theM. primigenius is 39,00071000BP (UtC-9308). The 14C
date of the M. primigenius is what would be expected, and
ﬁts within the range of many other age determinations for
M. primigenius. However, the date of E. antiquus from
Raalte is too young, if one assumes that E. antiquus
withdrew from most of Europe during the end of the
Eemian.
Confronted with a few geologically young specimens
from Spain, Stuart (1991, 1999, 2005) suggested that
E. antiquus survived in Southern Europe (Iberia, Italy
and probably the Balkans as well) into the early part of the
Last Cold Stage (LCS). Stuart (2005) admitted that the
evidence for the LCS hypothesis is based on sparse records,
as listed below: A molar from Grotta Guattari, Italy, dated by U-series
isotopes and ESR to 5776 ka (Schwarcz et al., 1991).
Caloi and Palombo (1994) therefore assigned this
material to MIS 5a-4 (80–60 ka). A partial skeleton from Buelna, Asturias, Northern
Spain (Pinto Llona and Aguirre, 1999) with a Radio-
carbon date of 23,57571125BP (but this date is rejected
by Stuart (2005)). An unworn upper molar plate from Foz do Enxarrique,
Portugal, with U-series dates (on horse teeth) of ca.
33–34 ka (Sousa and Fiqueiredo, 2001). Two deciduous molars from the locality Cueva del
Castillo, northern Spain, with the following Radio-
carbon dates measured at Oxford University (LQME
Project): 42,90071400BP (OxA-10187) and 447,300
(OxA-10188) (Stuart, 2005).Stuart (2005) wrote: ‘‘To summarize, at present there is
reasonable, but not conclusive, evidence for the survival of
Palaeoloxodon antiquus to 40–50 ka or perhaps as late as
33–34 ka in Iberia, signiﬁcantly later than the Last
Interglacial. However, the evidence for late survival in
Italy, beyond MIS 5a, is weak.’’
The 14C date of Raalte, 32,5007500BP, is similar to the
14C date of Iberia. However, Stuart (2005) wrote about the
specimen and the date: ‘‘Other fossils, apparently from the
same deposit [Raalte], include both cold stage elements
such as Rangifer tarandus and Ovibos moschatus, and
interglacial taxa such as Dama dama and Capreolus
capreolus.’’ He continues by stating: ‘‘As this is a single
date from an unstratiﬁed context, and in view of the total
lack of other post-Eemian records of P. antiquus outside
Southern Europe, this single date should not be accepted
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Fig. 1. Elephas antiquus Falconer and Cautley, 1847. Left upper M3, Collection Albert Hoekman, Urk, CM-DM 80. Maximum antero-posterior length of
occlusal surface is 244mm. Locality: Southern Bight of the North Sea.
Table 1
Measurements of Elephas antiquus Number CM-DM80
CM-DM 80 Collection Mr. Albert
Hoekman, Urk.
Left upper M3
Max. length occlusal surface (mm) 244
Max. width occlusal surface (mm) 88
Max. height (mm) 218
Number of plates 10.5 plates, front of molar
completely worn down to the
roots
14C date (BP) 37,440 (+350, 310) (GrA-
25815)
13d (%) 20.28
D. Mol et al. / Quaternary International 169–170 (2007) 149–153 151until there is further supporting evidence, including
corroborative dates from another laboratory.’’
3. New Late Pleistocene radiocarbon dates from The
Netherlands
Recently, more other data from The Netherlands became
available. First, a fragment of a molar, m3, was collected
from the bottom of the North Sea between the British Isles
and The Netherlands (coordinates: 51117020000
North–03110050000East) by Mr. J. Brinkman, ﬁshing vessel
SL 27 in August 2001. This specimen is stored in the
collection of Dick Mol, Hoofddorp. The sample was 14C
dated by Groningen University. Unfortunately, the dentine
did not contain any collagen, which is the datable fraction
for the 14C method. Only ‘‘residual’’ material could be
retrieved. The 14C date for this fossil is 98807130BP
(GrA-19879). Following radiocarbon practice, dates from
such material cannot be considered reliable. Another
complete left upper molar (M3) is the sample CM-DM
80 (Fig. 1), which is stored in the collection of Mr. A.
Hoekman, Urk, The Netherlands, and originates from the
Southern Bight of the North Sea (near the coast of the
province of Zeeland and the mouth of the Western
Scheldt). For this sample the collagen is preserved; it is
also dated by Groningen University as 37,440 (+350,
310) BP (GrA-25815). The measurements of this molar
are presented in Table 1.
Four more samples of trawled E. antiquus remains have
been radiocarbon dated. The results are given in Table 2. It
appears that all samples are older than the background,which is determined by dating 14C-free anthracite and
corresponds to an age of 45,000BP. Thus, the samples are
older than 45 ka BP.
All Radiocarbon dates were obtained from collagen,
prepared from the bone samples using standard chemical
pretreatment techniques (Mook and Streurman, 1983). The
14C concentration is measured by accelerator mass spectro-
metry (AMS). The Groningen AMS facility (laboratory
code GrA) is described in van der Plicht et al. (2000).
Typical quality parameters for the 14C dates are the
carbon content of the collagen (in %) and the content of
the stable Carbon isotope 13C, expressed 13d (in %). The
13d values are given in the tables and are all within normal
range. The organic content of the collagen for these dates
are also within normal range (40–45%).
This in contrast with the corresponding values for
the questionable material mentioned above (GrA-19879).
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Table 2
Radiocarbon dated Elephas antiquus remains
Catalog number and skeletal part Locality Groningen AMS
number
14C age (BP) 13d (%)
CM-DM 89Mandibula (Mol Collection) Eastern Scheldt near Colijnsplaat GrA-30740 445,000 20.70
CM-DM 91 First costa (Mol Collection) Western Scheldt near West-Kappele GrA-30590 445,000 21.20
CM-DM 92 Upper molar fragment (Mol
Collection)
Mouth of the Western Scheldt GrA-30591 445,000
CM-DM 97 Molar fragment De Wavrin
Collection – Bruxelles
Near the Brown Ridge/North Sea GrA-30592 445,000 20.57
D. Mol et al. / Quaternary International 169–170 (2007) 149–153152The 13d value for the dated material is 30.47%; the
organic carbon content is 2.5%. Both numbers indicate
that the datable fraction did not consist of collagen in this
case.
4. Conclusions
To conclude, there are now two 14C dates measured by
two different and independent laboratories (Utrecht and
Groningen), which seem to point towards E. antiquus also
becoming extinct later than the Eemian in Northern
Europe. We would like to suggest that these data should
not be ignored, and we strongly suggest that more samples
should be dated—by radiocarbon and other methods like
ESR because of the 14C age limit of 45–50 ka. The goal is to
prove or disprove the hypothesis of E. antiquus surviving
also in North-western Europe into the early part of the
LCS, which implicates that the paleo-ecology should be
reconsidered.
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